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In this paper, we discuss player experiences relating to the 
interaction with objects included as part of mobile mixed reality 
games. In particular we focus on the player experience of a touch 
based reality interface using mobile phones equipped with 
RFID/NFC reader/writers for interaction with the RFID tagged 
objects used in three different mobile mixed reality games.  The 
player experience highlights that the simple interface of touching 
the phone to the tag on an object is both readily understandable 
and very simple to use for game players, and enhances rather that 
detracts from the game experience. Further, the use of objects in 
mobile mixed reality games can speed up the game play and 
reduce the presence of ‘the mixed reality stoop’ where players 
have to concentrate so intently on the virtual world on their 
mobile screen they become almost oblivious to the real world 
setting. 
Categories and Subject Descriptors: J. Computer Applications, J.7 
Computers in Other Systems-Consumer 
General Terms: Design, Experimentation, Human Factors. 
Keywords: Touch, Interaction, Mobile, RFID, NFC, Mixed 
Reality. 
1. INTRODUCTION 
Mixed and augmented reality games link the physical and digital 
worlds to create new experiences. The types of games will often 
incorporate knowledge of their physical location and landscape, 
and then provides players with the ability to interact with both 
real and virtual objects within the physical and digital worlds. 
These games can incorporate some, or all, of these elements using 
a rich variety of technologies across all games genres [7]. 
Amongst the most interesting are the location based games 
utilizing mobile phones [9] as they are the most pervasive 
consumer device of the current era allowing real world 
deployment with large numbers of people. As yet these games 
have generally relied on virtual objects but the use of real objects 
can greatly enhance the user experience and encourage greater 
immersion within the fantasy of the game. The use of physical 
objects in this way creates a relational interface [12] in which the 
system will map the relationship between physical objects to a 
computational representation [12]. In mixed reality games these 
types of interface can often also be viewed as reality interfaces 
which draw their strength from exploiting the user’s pre-existing 
abilities and expectations rather than trained skills [6]. 
In terms of the actual technology, that will facilitate these reality 
interfaces between the player’s mobile phone and the real objects 
within the game, the principle methods available can be defined 
as either wireless or visual. Note that we have not included the 
scanning process that precedes interaction as this can also be 
visual even with wireless techniques. These wireless techniques 
could benefit from a range of technologies such as WiFi, 
Bluetooth, IrDA, or more recently Radio Frequency Identification 
(RFID), although each will vary the detection proximity distance 
between the phone and the object and thereby alter the dynamics 
of the game play. In general our experience is that players prefer 
to be in close proximity to the object they wish to interact with. 
This would thus bias towards Bluetooth, IrDA, and RFID, 
although all but the RFID would require the objects to be 
augmented with power supplies and some form of processor. As 
for visual methods the principal method apart from some form of 
complex object recognition software are the various forms of two 
dimensional bar codes, such QR codes [5]. All of the two 
dimensional barcode systems use a phone with an on-board 
camera to either decode the code on the phone or through 
interaction with an online database. Despite the fact that 2-D 
barcodes would also negate the need for power supplies and 
processors in the objects we preferred RFID and its associated 
technology Near Field Communications (NFC) because it 
provides [10]; 
• faster read times, as the tags can be accessed at rates 
between in excess of 100 kbits/s, whereas the two dimensional 
barcodes require Image capture and processing which we found 
typically takes a few seconds  
• RFID tags can be written to as well as read from 
• simpler reading method, as the phone and the tag have 
merely to ‘touch’ or be placed in close proximity (less than 3cm) 
whereas the barcodes require the user to take a picture. In fact, the 
phone and RFID tags used in this project provide round target 
icons to make positioning intuitive. 
• more robust, as errors are more likely to occur when 
scanning a barcode due to irregular camera orientation. 
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Although prior research has been conducted on the use of mobile 
phones and RFID tags [11] this research utilized a separate RFID 
reader connected to the phone via Bluetooth. This is therefore a 
more complex experience for the user and the researchers 
therefore concentrated on the experiences of associating icons 
with tag functionality. In the research presented in this paper we 
present results of user experience of the simple touch based 
reality interface when using mobile phones equipped with in-built 
RFID/NFC reader/writers in three different mobile mixed reality 
game scenarios.  Before describing these three games, and the 
associated user experience of those games, we shall start by 
providing and overview of RFID and NFC the incorporation of 
this technology into mobile phones. 
2. RFID/NFC 
In simple terms RFID is a wireless extension of bar-code 
technology allowing identification without line-of-sight. Although 
it has become most well known through the recent wide scale 
adoption of the technology by the likes of Wal-Mart and Tesco as 
a replacement for barcodes [13], it is also seeing more innovative 
uses. For example, Mattel, introduced the HyperScan RFID-
enabled game console which combines traditional one-on-one 
fighting games with collectible superhero cards. Players swipe the 
card over the console to choose characters and additional cards 
can be swiped during game play to add more powers or skills. 
Another area that has greatly benefited from RFID is micro 
payments which has seen huge take up in places such as Japan 
and Korea and has driven the convergence of this technology with 
the pervasive mobile phone. In the following sections we shall 
discuss the technology behind RFID/NFC and in particular their 
incorporation within mobile phones  
2.1 Technology 
RFID tags, a simple microchip and antenna, interact with radio 
waves from a receiver to transfer the information held on the 
microchip. These RFID tags are classified as either active or 
passive, with active RFID tags having their own transmitter and 
associated power supply. Passive RFID tags do not have their 
own transmitter; they reflect energy from the radio wave sent 
from the reader.  Active RFID tags can be read from a range of 20 
to 100m, whilst passive RFID tags range from a few centimeters 
to around 5m (dependent on operating frequency range). 
NFC is an interface and protocol built on top of RFID and is 
targeted in particular at consumer electronic devices, providing 
them with a secure means of communicating without having to 
exert any intellectual effort in configuring the network [3]. To 
connect two devices together, one simply brings them very close 
together, a few centimeters, or make them touch. The NFC 
protocol then automatically configures them for communication 
in a peer to peer network. Once the configuration data has been 
exchanged using NFC the devices can be set up to continue 
communication over a longer range technology. The other 
advantage with NFC comes in terms of power saving, and it 
achieves this by having an Active Mode (AM) and Passive Mode 
(PM) for communication. In AM both devices generate an RF 
field over which they can transmit the data. In PM, only one 
device generates the RF field, the other device uses load 
modulation to transfer the data. The data rates available are 
relatively low, 106, 212, or 424 kbits/s, although for the 
applications envisaged this should be more than sufficient [3]. 
2.2 Combining Phones with RFID/NFC 
Nokia was the first to combine mobile phones with RFID/NFC 
when it introduced clip-on RFID and NFC shells (Nokia Xpress-
on Mobile RFID/NFC Kits) for the 5140 and 5140i Series 40 
phones respectively. The RFID/NFC shells can be accessed via 
J2ME applications running on the phone to trigger defined actions 
within the application. The particular operating range for mobile 
phones is generally 13.5 MHz which limits the range to approx 3 
cms or touch as shown in Figure 1. 
 
 
Figure 1. Phone/RFID Touch Interface 
 
These phones were but the first of a growing trend and in the 
Printed Electronics Review on the 13th of May 2006 the Japanese 
telecommunications giant NTT DoCoMo was reported to have 
shipped more than 5 million RFID enabled mobile phones for use 
instead of printed tickets in the National Rail Network. Further 
Sony has started to ship all of its laptops with RFID/NFC 
technology so that users can download straight to RFID cards or 
RFID mobile phones.  
3. MOBILE MIXED REALITY GAMES 
In terms of mixed reality games there are few which have 
incorporated physical objects as an integral part of the game and 
of those that do, only ConQwest, is mobile phone based.  
ConQwest was a team-based treasure hunt game developed by 
area/code1, sponsored by Qwest Wireless in the USA to promote 
its camera phones, and uses implied positioning from semacode 
tags. The game area must be ‘set-up’, prior to the game being 
played, by placing semacode stickers at defined locations around 
                                                                 
1 www.playareacode.com 
the selected urban landscape. Each sticker is given a relative 
value and players collect them by taking pictures using their 
phone cameras; the first team to collect $5000 worth2 semacodes 
wins. As semacodes are a version of 2-D barcodes it suffers the 
same limitations with reference to RFID as discussed previously. 
In the follow paragraphs we shall describe the operation of the 
three mobile/RFID mixed reality games used to collect the user 
experiences discussed in the subsequent section. 
3.1 PAC-LAN 
PAC-LAN is a version of the video game PACMAN in which 
human players play the game on a maze based around the 
Alexandra Park accommodation complex at Lancaster University 
[10]. One player who takes the role of the main PAC-LAN3 
character collects game pills (using a Nokia 5140 mobile phone 
equipped with a Nokia Xpress-on™ RFID reader shell as shown 
in Figure 1), which are in the form of yellow plastic discs fitted 
with stick-on RFID tags placed around the maze as shown in 
Figure 2.  The discs are a direct physical manifestation of the 
virtual game pills on the mobile screen and are placed at the real 
location corresponding to the virtual maze. 
 
 
 Figure 2. PAC-LAN Trials 
 
Four other players take the role of the ‘Ghosts’ who attempt to 
hunt down the PAC-LAN player. The game uses a Java 2 
Platform Micro Edition (J2ME) application, running on the 
mobile phone is connected to a central server using a General 
Packet Radio Service (GPRS) connection. The server relays to the 
PAC-LAN character his/her current position along with position 
of all ghosts based on the pills collected. The game pills are used 
by the Ghosts, not to gain points, but to obtain the PAC-LAN 
characters last known position and to reset their kill timer which 
must be enabled to allow them to kill PAC-LAN. In this way the 
ghosts must regularly interact with the server which is then able to 
relay their position to the PAC-LAN. PAC-LAN sees a display 
with his own position highlighted by a red square around his 
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3 www.pac-lan.com 
animated icon whilst the Ghosts see both a white square 
highlighting their animated icon and red flashing square around 
PAC-LAN. These character highlights were added after pre-trials 
revealed players wanted a quicker way of identifying the most 
important information. The Ghosts can ‘kill’ the PAC-LAN 
character by detecting him/her via an RFID tag fitted on their 




Figure 3. PAC-LAN kill tags 
 
Once PAC-LAN is killed the game is over and the points for the 
game are calculated in the form of game pills collected and time 
taken to do so. When PAC-LAN eats one of the red power pills, 
indicated by all ghost icons turning white on the screen, he/she is 
then able to kill the Ghosts, and thus gain extra points, using the 
same RFID detection process. ‘Dead’ ghosts must return to the 
central point of the game maze where they can be reactivated into 
the game. Figure 4 shows a number of typical screens the PAC-
LAN character will experience throughout the game. 
  
 Figure 4. PAC-LAN Phone UI 
 The scoring in the game is simple where the PAC-LAN character 
gets, 50 points for a normal pill, 150 points for a power pill, 1000 
points for collecting all the pills, and 500 points for a Ghost kill. 
The Ghosts get 30 points per pill (this is linked to the length of 
the kill timer) and 1000 points for killing PAC-LAN. All players 
lose 1 point per second to ensure they keep tagging. 
3.2 Mobspray 
The virtual graffiti game described here, known as ‘Mobile 
SprayCan or Mobspray4’, takes its inspiration from the existing 
practice amongst traditional graffiti writers5 in their use of 
stamps6 but in this case using stick-on 13.5 MHz RFID [4]. 
Unlike traditional stamps, the RFID tags are not just a repository 
for the actual writers tag but represent a physical location where 
digital writers can ‘get-up’7   their mobtag8   using the application 
on their mobile phone. For this project we produced postcards 
with the Mobile SprayCan logo and RFID tags attached, as shown 
in Figure 5, to make tag sites easily identifiable for our test crew.  
Although, some innovative research into creating RFID icons 
related to the function associated with the tag is being conducted 
[1] we felt for this particular project that the postcard provide 
greater opportunity for branding with the corresponding online 
game site, although we may explore the use of game based icons 
in later research. 
 
Figure 5. MobSpray Site Marker 
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5 Graffiti practitioners refer to themselves as writers rather than 
artists as the most basic form of modern graffiti art, the ‘tag’, 
represents the writer’s signature. It is normally in the form of a 
moniker or nickname of four to six letters in length 
6 A later metamorphism of the tag was the stamp, which is a pre-
tagged sticker and in the US the stickers used are often 
overnight postal delivery stickers. 
7 Get-up or getting-up is the term used by writers for the physical 
act of writing their tag at a particular location. 
8 To avoid confusion between RFID tags and graffiti tags we have 
coined the term ‘mobtag’ to describe the images created in this 
project. 
 
Writers first register on the project website, www.mobspray.com, 
with a unique tag name of up to five characters and then upload 
their own custom mobtag to the database operating on this central 
server. Writers’ are then able to use their own mobtags, or view 
other writers’ mobtags, by accessing this database using a GPRS 
connection initiated by the J2ME application on the phone when 
an RFID tag is read. Once a writer reads an RFID tag, the client 
application, shown in figure 6, displays the contents of the RFID 
tag which consists of a tag location string and the names of last 
writers to have visited that particular RFID tag [4].  
The application then connects to the database which returns the 
time and date at which those writers tagged that location. The 
writer can then choose to view any of the writers’ mobtag images 
or place their own mobtag at that location and these details are 
stored within the database.  
 Figure 6. MobSpray UI 
 
If the user chooses to write his tag, the application creates a new 
list of the last 5 writers by dropping the last writer from the 
previous list and shifting the remaining by one position. This list 
is then written on the RFID tag [4]. 
It would be possible to achieve the same functionality without 
storing any data on RFID tags, with writers’ interactions and the 
tag location stored server-side. However, the design outlined was 
chosen in order to demonstrate the potential for future systems 
where tag storage is not as severely constrained and also because 
of graffiti’s inherent nature of physical interaction with a 
particular location [4].  
We have tried to create greater gaming through a website that 
links the tags to a map of the local area which marks all Mobspray 
sites together with a history of mobtags submitted by different 
writers as shown in Figure 7. This produced a number of gaming 
behaviors amongst the writers. 
Firstly, as we had linked the website to the mobtags a competitive 
aspect of tagging did emerge as writers tried to get their tag on as 
many locations as possible, a practice known as ‘bombing’ 
amongst conventional writers. There is an obvious ludic parallel 
of trying to win the game. 
Secondly, the mobtags started out as very simple one color 
signatures in the majority of cases but a competitive element 
emerged where the mobtags became much more elaborate in a 
similar vein to traditional spraycan tags as discussed in section 
two. This is also akin to the ludic desire of identifying yourself as 
an experienced player rather than a novice. 
Finally, the storage of a list of the last writers to tag a particular 
location gave a sense of community and belonging to a space 
which appears to be an important attribute for players looking for 
a more socially orientated game play [4]. 
 
 
Figure 7. MobSpray Website 
3.3 MobHunt 
The inspiration for Treasure Hunt games arguably started with the 
early stages of the development of archaeology as this often 
included a significant aspect of treasure hunts and they certainly 
served to capture public imagination. Treasure Hunt games9 are 
either a single player or a group of players trying to find hidden 
articles, locations or places by using a series of clues. In the 
earliest versions of these games the clues consisted of pieces of 
paper secreted at specific location. A modern variant of this is 
Geocaching which is an outdoor treasure-hunting game in which 
the participants use a Global Positioning System (GPS) receiver 
or other navigational techniques to hide and seek containers 
(called "geocaches" or "caches") anywhere in the world. A typical 
cache is a small waterproof container containing a logbook and 
"treasure", usually toys or trinkets of little monetary value. Also 
common are objects that are moved from cache to cache, such as 
Travel Bugs or Geocoins, whose travels may be logged and 
followed online. In our version of this phenomenon clues are 
placed on RFID tags which can be read by a suitably equipped 
mobile phone and information can be changed or added in real-
time using the data network. 
                                                                 
9 Scavenger hunt games are a similar concept although the idea is 
to collect a set of pre-defined objects within a certain time. A 
successful mobile version using SMS alerts and email to 
transfer photos to a website is available at www.ispot.com. 
In terms of operation Mobile Treasure Hunt (MobHunt) [8] 
utilizes the same combination of mobile application connecting to 
a server over GPRS as for PAC-LAN and Mobspray. However, it 
differs from the previous two RFID systems in that it was 
designed for flexibility so that new treasure hunts, in new or 
existing locations, can be created quickly and easily utilizing a 
simple mobile application and online website.  
There are two mobile clients for MobHunt one is the basic user 
client and the other is an administrator client which allows for 
new MobHunt to be created dynamically in a real world scenario. 
The MobHunt user client is very simple application allowing the 
user to login before instigating their authentication with the web 
server. Initially we implemented a standard name and password 
login solution but decided to simplify the process for the user by 
providing a unique membership card, as shown in Figure 8, that 
could be kept in a wallet or purse that the user simply touches to 
their phone to initiate login This proved to be a much more 
elegant solution and considerably easier for the user given the 
restrictions of the mobile phone keypad as an interface [2]. 
 
 
Figure 8. MobHunt Login/Membership Card and Site Marker 
 
Once the user is logged into the game they simply tag the first 
RFID tag of the treasure hunt to start the game. A visual place 
marker was used to make locations or objects used within a game 
easily visible to players as shown in Figure 8. The application 
also allows the users to browse through the clues as they are 
collected, this is because initial trials showed users often sought to 
reconfirm their earlier decisions if the got ‘stuck’ at some point 
within the game. 
The mobile administrator client allows the creation of MobHunts 
in the field by scanning tag and entering a description.  This 
information can be subsequently be altered or amended on the 
web but we felt it would be beneficial to able to place some tags 
whilst surveying a site for likely objects or places to include in a 
game. Figures 9 and 10 provide some example screen shots for 
both the administrator and user mobile clients respectively. 




Figure 10. MobHunt User Application 
 
4. USER EXPERIENCE 
4.1 User Groups 
Before we discuss the results of the usability and users experience 
it is important to consider the nature of the users from whom we 
gained the feedback for each of the three games. 
The data for PAC-LAN was from eight games played by forty 
five different players (five per game) and was taken after their 
first experience of the game. The players were students from 
Lancaster University who answered an advert distributed via the 
Universities email system. The player groups were selected by the 
research team and care was taken to select groups from the 
various faculties across the campus to ensure which did not have a 
technophile biased sample. Of these forty five players, seven were 
female and the players were aged between 18 and 24 except six 
males aged between 25 and 35. 
Mobspray was played by six staff researchers from Lancaster 
University and consisted of five males and one female with an 
average age of 29. All but one of the players had no experience of 
RFID enabled phones prior to the game although they all 
considered themselves as highly technology literate and as such 
would likely represent the so called ‘ early adopter’10  user group. 
A version of MobHunt was created as tour around the Infolab21 
building at Lancaster University and unlike the previous two 
games was designed to be played indoors rather than outside. The 
game itself was very simple and primarily provides a tour around 
the building and its facilities as shown in Figure 11. 
 
 Figure 11. Infolab21 MobHunt 
 
The game was played by 12 people within Infolab21 and was 
made up of both University staff and employees from companies 
within the Infolab21 incubator unit. The ages ranged between 22 
                                                                 
10 A person who embraces new technology before most of their 
peers. They tend to be the first to buy or try out new hardware 
items and programs or newer versions of existing programs. 
Defined by Everett Rogers in Diffusion of Innovations, The 
Free Press: New York 1995. 
and 44 and there were eight males and four women none of whom 
had any prior exposure to RFID phones. 
4.2 Usability 
Whereas our previous papers on these projects has presented a 
largely technical and qualitative analysis [4,8,10] in this paper we 
concentrate on aspects of user’s behavior common to all three 
games and the following information has been gathered from both 
questionnaires and ethnographic studies. 
In terms of learning to use the phone with the tags this proved to 
be remarkably easy and a very quick demonstration and 
explanation was all that players required. Interestingly unlike 
previous research [11] where users expressed concern about the 
social acceptability of touching tags in public places even the 
University campus where the trial took place, none of the users in 
our trials expressed this worry even though they were all 
conducted in environments open to the general public. When we 
discussed this further with some of the users they felt that in many 
ways creating questions in the mind of non players, who were not 
aware that users were playing a game, added to the sense of fun. 
The users found the objects very useful compared with just 
placing an RFID tag at a location as they found it much easier to 
see and felt it added to the immersion within the game play. 
Another aspect of the objects was that for PAC-LAN, which was 
played at a much faster pace than the other two games, the players 
felt that the game disks were an important element of the game 
experience and minimized the time they had to spend checking 
their position on the mobile phone screen. Having played many 
location based games that rely on purely virtual objects we 
observed that players often become completely focused on the 
screen to guide them and often become oblivious to their 
environment which both defeats the premise of mixed reality 
gaming and can also be very dangerous. Our observations of the 
games presented in this research showed that players were much 
more immersed in their environment because of the real objects 
and were less inclined to rely solely on what the phone screen 
indicated. 
One of the other aspects we experimented with was related to 
giving the user feedback after they have successfully read or 
written from or to a tag. For PAC-LAN we initially created 
version that had either visual feedback, through a pop-up note, or 
audio feedback, by playing a short tune. The audio feedback was 
unanimously preferred as players were often running at speed and 
the audio feedback was perceived much less intrusive on the game 
and harder to miss. Whilst the small screen available on the phone 
used (128 by 128 pixels) no doubt made notes more difficult to 
read in PAC-LAN, the fact that tagging the game pill produced a 
visual change in the pill on the maze (pill changes from yellow to 
grey) meant there was little benefit from a textual note. In the 
cases of Mobspray and MobHunt we provided an audio alert to 
indicate the tag was read, but then displayed either, the list of 
writers in the case of Mobspray, or the clue in the case of 
Mobhunt. As Mobspray also provided for a write to the tag we 
found a visual note was more beneficial in this case as the time to 
write to a tag is longer than to read, and the user liked the fact that 
the application said it was writing until the process had 
completed.  
Overall the overwhelming user experience across all of the games 
was that the simple touch interface was very easy to use and as 
one player put it 
“There is something intuitive about simply touching the object 
you want to connect with” 
Further the vast majority of the players expressed a willingness to 
use and RFID enabled mobile phone to access other services 
which is encouraging for the proponents of this technology 
5. CONCLUSIONS 
Mobile mixed reality games offer very unique experiences for 
people to interact in news ways with their environment. The use 
of mobile phones equipped with RFID/NFC allows these 
experiences to be extended down to object level and are helping 
create Mark Weiser’s seminal vision of future technological 
ubiquity – one in which the increasing “availability” of 
processing power would be accompanied by its decreasing 
“visibility”, the so-called internet of things.  
Further the traditional phone interface is generally too 
cumbersome for anything beyond dialing numbers and the simple 
act of touching an object to gain access to information and 
services is both simple and intuitive for the majority of users. 
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